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NATURAL GAS ANALYSES FROM OFFSHORE GULF OF MEXICO

By 

Dudley D. Rice and Charles N. Threlkeld

This report summarizes analyses of natural gas collected from 116 wells 
representing 55 different fields in offshore Louisiana and Texas. Samples 
were collected from the entire productive trend from the Mississippi delta in 
eastern Louisiana westward to the Brazos area in Texas (fig. 1). Because 
samples were taken primarily from gas fields, most of the samples are located 
offshore of western Louisiana and Texas because of the dominance of gas fields 
in those areas.

Gas samples were analyzed by thermal-conductivity gas chromatography. 
Volume percent of the constituents methane (C,), ethane (Co), Pr°Pane (^3)* 
butanes and pentanes (C^+), carbon dioxide (^2), and nitrogen and air (N£~ 
air) are reported. The methane peak was quantitatively collected and 
converted to COo in a vacuum combustion system. Stable carbon isotope ratios 
were measured on a Neir-McKinney type mass spectrometer and are reported in 
the 6-notation in parts per thousand (°/oo) deviations, relative to Pedee 
belemnite (PDB) marine carbonate standard.

Analyses of gas samples are summarized in table 1. The volume percentage 
of selected components is reported, together with the proportion of methane in 
the hydrocarbon fraction (Ci/C, ,-) and the stable carbon isotope ratio (6i-;JC) 
of the methane component. The samples are arranged by area (west to east) and 
by field/block (increasing number).

The interpretation of data is presented in a paper by Rice (1980) and is 
briefly summarized below. The gases display a trend of becoming isotopically 
heavier (6 Ci values range from -70 to -35 °/oo) with increasing depth and 
age of producing reservoir. The mechanisms responsible for this fractionation 
are biogenic enrichment of Cj, thermal cracking, and mixing. Separate 
trends are present in Texas and Louisiana which confirm the existence of a 
higher geothermal gradient in offshore Texas. There is considerable scatter 
along the trend because gases generated from deeper,thermally mature source 
rocks have commonly migrated to shallower immature reservoirs.

The province is primarily a gas-producing area for three reasons. Many 
gas fields, particularly those of Pleistocene age, are of apparent biogenic 
origin. ^\s 8as is characterized by enrichment of the light isotope C in 
methane (6 Ci values lighter than -55 °/oo) and by large amounts of methane 
(Cj/Cjc >0.99). Miocene gas accumulations in the western part of the 
province are the result of early stages of thermal cracking of heavier 
hydrocarbons, including oil, because of a higher geothermal gradient. This 
gas is wetter than biogenic gas (C^/C^_^ >0.94) and isotopically heavy (6^C^ 
values are heavier than -40 /oo). Many gas fields in reservoirs of all ages 
are the result of "separation-migration" in which the gas phase was physically 
segregated from a petroleum accumulation. These gases are similar in 
composition to gas associated with petroleum.



ACKNOWLEDGMENTS

The Gulf of Mexico OCS Operations Office, Minerals Management Service 
greatly assisted in collecting the gas samples and provided data on the 
sampled wells which we gratefully acknowledge. We also thank the many oil and 
gas companies for their permission and assistance in collecting the gas 
samples.

REFERENCE CITED

Rice, D. D., 1980, Chemical and isotopic evidence of the origins of natural
gases in offshore Gulf of Mexico: Transactions of Gulf Coast Association 
of Geological Societies, v. 30, p. 203-213.



T
a
b
l
e
 
1
.
 
C
h
e
m
i
c
a
l
 
an
d 

i
s
o
t
o
p
i
c
 
c
o
m
p
o
s
i
t
i
o
n
 
of

 
na

tu
ra

l 
ga

s 
f
r
o
m
 
s
e
l
e
c
t
e
d
 
w
e
l
l
s
 
in

 
th

e 
Gu

lf
 
of

 
M
e
x
i
c
o
 
DC
S

A
re

a

D
o  
 
 
 
  
 
 
 
  
  
 
 

D
o 
 
 
 
 
 
  
 
 
 
  
 
 
 
 

D
o  
 
  
 
 
 
  
 
 
 
  
  

D
o 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

D
o 
 
 
  
  
 
 
 
  
 
  
 
 

D
o 
 
 
 
  
 
 
 
 
 
  
 
 
 

D
o  
 
 
 
 
 
 
 
 
 
 

D
o  
 
  
 
 
  
  
 
 
 
  
 
 

D
o 
 
  
 
 
 
  
 
 
  
 
 
 
  

D
o  
 
 
 
  
 
 
 
 
  
 
 
 

D
o 
 
 
  
 
 
  
 
 
 
  
 
  

D
o  
 
  
 
 
 
  
 
 
  
 
  

D
o  
 
 
 
 
 
 
 
 
 
 

D
o  
 
  
 
 
  
 
 
 
  
 
 
 

D
o  
 
 
 
  
 
  
 
 
  
 
 
 

D
o  
 
 
 
  
  
 
 
 
 
  
 
 
 

D
o  
 
  
 
 
 
  
 
  
 
  
 

D
o 
 
 
 
 
  
 
 
 
  
 
 
 
 

D
o  
 
  
 
 
 
  
 
 
 
  
 
 

D
o  
  
 
  
 
 
 
 
  
 
 
 
 

D
o 
 
 
 
 
 
 
 
 
 
 
 

D
o 
 
  
 
 
 
 
  
 
 
 
  
 

D
o 
 
 
 
 
  
 
 
 
  
 
 
 
 

D
o 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F
ie

ld
/ 

b
lo

c
k

A
70

A
76

A
76

A
10

5

25
5

 5
00

11
1

11
1 

11
1

11
1

11
1

11
1

12
9

12
9

14
0

14
0

15
4

15
4

15
4 

i H
A

oc
s

nu
m

be
r

G
17

23

r>
O

£.
£.

Q
.

p
 i

 7
 e

 *
>

P
 1

 7
 "

^O

G
17

54

G
17

57
 

G
26

65

G
26

65

G
17

77

07
09

07
09

07
09

0
7

1
4

 

0
7
4
0

G
23

54

G
23

54

0
5

1
8

0
5
1
8

G
31

15

R
II

 i
  ;

W
el

l 
n
u
m

b
er

A
1U

A
4U A

6

A
6

A
8 

A
6

A
6 5 6 1 5 1 9

D
ep

th
 

to
 

p
ro

d
u

c
in

g
 

in
te

rv
a
l 

(m
)

2
0

5
6

19
86

 

29
07

29
70

O
 Q

0
£

f\
 O

Q
Q

30
83

o 
7 

fi
n

 )
 o

 C
£

28
46

f\
 Q

 Q
 Q

29
49

O
 7

7
 Q

27
55

O
 O

£
 1

O
£
 1

 *
5

2
4

2
0

2
7

2
3

37
25

32
34

37
54

37
45

2
7
7
4

22
90

19
95

3
1

1
0

T
1
S

S

A
ge

 
o
f 

p
ro

d
u
c
in

g
 

in
te

rv
a
l

 
 
 d
o
  
 

 
 
 d

o 
 
 

 
 
 do

  
 

 
 
 do

  
 

 
 
 d

o 
 
 

 
 
 d
o
  
 

 
 
 d

o
  
 

 
 
 d

o
  
 

 
 
 d
o
  
 

 
 
 do

  
 

 
 
 do

  
 

 
 
 do

  
 

 
 
 do

  
 

 
 
 d

o
  
 

 
 
 do

  
 

 
 
 d

o
  
 

 
 
 d
o
  
 

 
 
 d
o
  
 

 
 
 d
o
  
 

 
 
 d

o 
 
 

 
 
 d
o
  
 

 
 
 do

  
 

 
 
 
 A

n
  
 
 

T
yp

e 
o
f 

g
as

 
 
 do

  
 

 
 
 d

o 
 
 

 
 
 do

  
 

 
 
 d

o
  
 

 
 
 d
o
  
 

 
 
 do

  
 

 
 
 d

o
  
 

 
 
 do

  
 

 
 
 d

o
  
 

 
 
 d

o
  
 

 
 
 d

o
  
 

 
 
 do

  
 

 
 
 d

o
  
 

 
 
 d
o
  
 

 
 
 do

  
 

 
 
 d
o
  
 

 
 
 d
o
  
 

 
 
 d

o
  
 

 
 
 d
o

  
 

N
2 

an
d
 

(o
r)

 
a
ir

3
.4

9
0
 

3
o
n
n

2
.6

7
0

0
.9

6
0

3
.2

3
0

3
.3

9
0

3
.9

0
0

3
.0

4
0

2
0
 o

n

1
.9

5
0

1
.9

4
0

3
.3

0
0

2
.3

5
0
 

3
.5

3
0

3
.4

5
0

3
.1

3
0

3
.1

8
0

.9
1
0

2
.1

2
0

1
.7

4
0

1
.0

4
0

1
.0

0
0

2
.3

5
0

1
.7

4
0

1
.5

9
0

3
.3

2
0

2
.3

2
0

2
.6

1
0

2
.6

2
0

1
5
.0

3
0
 

4
.3

3
0

C
l

9
0
.2

0
o

 Q
 

Q
 £

9
3
.4

4

9
4
.9

8

9
1
.7

9

on
 

QO

9
3
.1

7

Q
 1

 
Q

 Q

94
.7

4

94
.7

4

92
.1

3

Q
 C

 
7

 Q

Q
 Q

 
Q

/.

Q
Q

 
/.

 
Q

Q
 Q

 
f\

 1

9
0
.1

4

9
2
.0

9

9
5
.6

3

9
1
.6

0

9
4
.0

1

9
2

.1
9

9
1
.0

5

9
3
.0

5

9
3

.3
0

8
3

.3
0

co
2

0
.3

7
7

.3
6
6
 

1
.0

9
0

1
.6

4
0

O
 £

 C

2
.4

8
0

.9
3
2

.9
3
0

Q
 £

 r
\

0
.4

5
7

.7
9
0

1
.4

5
0

1
.2

3
0

1
.3

2
0

1
.2

3
0
 

0
.4

3
0

1
.7

9
0

.3
1
0

1
.4

3
0

1
.6

3
0

1
.4

4
0

.7
4
0

.4
1
0

.3
6
0

.8
9
0

.7
2
0
 

1
.0

4
0

c2

2
.2

7
0

1
.9

6
0

1
.6

1
0

2
.2

3
0

3
.7

8
0

1
.6

7
0

1
.9

7
0

1
.5

2
0

1
.3

1
0

2
.1

1
0
 

6
.3

0
0

1
.9

9
0

3
.3

9
0

3
.8

7
0

3
.2

4
0

3
.2

7
0
 

3
.5

2
0

1
.2

7
0

3
.5

2
0

3
.5

2
0

2
.7

6
0

3
.5

2
0

3
.5

1
0

2
.9

4
0

2
.9

9
0

2
.7

0
0

2
.7

0
0

4
.8

0
0

5
.1

0
0

4
.1

1
0
 

6
.1

1
0

c3

1
.7

2
0

1
.7

4
0
 

0
.4

7
0

.4
4
0

.9
7
9

.5
5
6

2
.0

0
0

.6
9
4
 

.9
5
0

.5
3
0

.4
9
0

1
.0

0
0
 

2
.3

6
0

3
.3

3
0
 

1
.1

4
0

1
.2

2
0

1
.1

7
0

1
.1

6
0
 

1
.0

0
0

1
.3

1
0

.9
4
0

.7
1
0

.9
2
0

.9
5
0

.7
5
2

1
.4

7
0

1
.4

1
0

1
.1

7
0

 
2
.5

9
0

"
4

.8
4
0
 

.1
1
0

.1
1
0

Q
 Q

 C

.2
3
3

.6
9
1

o
 Q

n

.1
6
0

.2
1
0

.5
3
0
 

0
.7

5
7

1
.0

2
0

.4
3
5

.5
0
1

.4
1
7

.4
2
0
 

0
.2

7
2

.0
6
0

.4
9
0

.3
3
0

.2
5
0

.3
1
2

.3
1
0

.3
0
0

.2
5
7

.3
7
0

.5
0
0

.4
1
0
 

1
.1

5
0

nC
A

0
.5

0
7

.0
9
0

.0
9
0

.2
2
7

.1
1
7

.5
4
5

.3
1
0

1 
C

O

.1
40

.3
1
0
 

0
.5

5
6

.7
3
0

.2
7
7

0
.2

2
7

.0
7
0

.3
0
0
 

.1
7
0

.1
4
0

.2
0
0

.1
7
0

.1
5
0

.1
5
0

.1
4
5

.1
3
9

.2
1
0

.2
3
0

.1
9
0
 

.6
6
0

iC
5

0
.4

0
3

.3
9
1
 

.0
5
0

.0
5
0

.1
3
9

.0
7
0

.3
3
2

.1
2
0

f\
 Q

n

.0
9
0

.1
2
0

.2
7
0

0
.2

9
6

10
7

.1
8
4

.1
9
1

.1
9
0
 

0
.1

1
8

.0
1
0

.1
9
0
 

.1
0
0

.0
9
0

.0
9
0

.1
3
0

.1
0
0
 

.0
8
0

.0
7
0

.1
4
0

.1
1
0
 

.3
9
0

nC
5

0
.2

0
3

.1
9
1
 

.0
3
0

.0
4
0

n
 Q

Q

n
o
o

.0
7
2
 

i 
cn

.0
8
0

.1
2
0

.1
5
0
 

0
.1

7
2

.1
0
5

O
Q

Q

.1
0
9

.1
0
5
 

0
.0

7
4

.1
2
0
 

.0
7
0

.0
5
0

.0
6
0

.0
7
0

.0
9
0

.0
7
0

.0
5
0

.0
5
9
 

.0
4
0

.0
8
0
 

.0
7
0

.2
4
0

V
C
l-

5

.9
3
9
 

.9
7
1

.9
7
5

.9
5
7

Q
£

 Q

.9
2
1

Q
£
Q

.9
5
5

.9
7
0

.9
7
5

.9
5
4

O
Q

 Q
 

1

Q
O

 Q

.9
4
2

Q
Q

£

.9
4
3

.9
4
3

0
.9

4
6

Q
 Q

O

.9
3
9

.9
4
6

Q
 C

 Q

.9
4
7

.9
4
6

.9
5
4

.9
5
2

Q
 C

 O

.9
5
9
 

f\f
\ f

.9
3
1

.9
2
7
 

.8
8
0

(J
13

C
1

(0
/o

o
)

-5
5
.9

-5
6
.7

 

-3
5
.5

-3
5
.1

-4
3

.5

-4
0
.6

-3
9
.2

0
£

 
*>

-3
4
.8

-3
4
.6

-3
4
.7

-3
6
.0

 

-4
3
.9

-4
3
.7

-4
0
.6

-4
2
.8

-4
0
.0

-3
9
.4

Q
 C

 
Q

-4
1
.1

-3
9
.2

 5
0

 
£

-3
9

.4

-3
9
.3

-4
2
.0

-4
1

.6

-4
1
.1

-4
1

.6

-4
3
.9

-4
3
.9



T
a
b
l
e
 
1
.
-
-
C
h
e
m
i
c
a
l
 
an
d 

i
s
o
t
o
p
i
c
 
c
o
m
p
o
s
i
t
i
o
n
 
of

 
n
a
t
u
r
a
l
 
ga

s 
fr
om
 
s
e
l
e
c
t
e
d
 
w
e
l
l
s
 
in
 
th
e 

Gu
lf

 
of

 
M
e
x
i
c
o
 
D
C
S
 
c
o
n
t
i
n
u
e
d

A
r
e
a

Do
  
 
 
 
 
 
 
 
 
 

Do
  
 
  
 
  
 
  
 
  
 

Do
  
 
 
 
 
 
 
 
 

Do
  
 
  
  
  
  
 
 
 

Do
  
 
 
  
 
  
 
 
 
  
 

Do
  
 
  
 
  
 
 
  
 
 
 

Do
  
 
  
  
 
  
 
  
 
 

Do
 _
_
_
_
_
_
_
_
_
_
_
_
_
_
_

Do
  
 
  
 
 -
 
 
 
 
  
 

Do
  
 
  
 
 
  
 
 
  
 
 

Do
  
 
 
  
 
 
 
  
  
  

Do
  
 
 
 
  
 
 
 
  
 
 

Do
  
  
 
  
  
 
  
 
 
 

Do
  
 
 
 
 
 
 
 
 

Do
  
 
 
 
 
  
 
 
 
  
 
 -

T
\
n
 
 
 
 
 

_
 
 
 
 
 
 
 

_

Fi
el
d/
 

b
l
o
c
k

16
0

16
0 

T n
 f.

A3
 0
2

A3
 0
9

A3
09

A3
 3
0

A3
 7
0

A3
 7
0

A3
70

A
3
7
0

A5
20
 

.  
 
 

A"
; 
on

DC
S 

nu
mb
er

07
43

n
 i 

Q*
5 

i

p
 1
 
Q
O
 1

G2
41

4

G2
41
4

G2
55
7

G2
42
3

G2
42
3

G
2
4
2
5

G2
74
0

G2
74
1

G2
74
1 

G2
74

1

G2
73

4

G2
73
4

P
O
-
»
7
8

W
e
l
l
 

n
u
m
b
e
r 1

7L A6

A
1
2
D

A
1
8
D A5 D
J

A
A

D
e
p
t
h
 
to

 
p
r
o
d
u
c
i
n
g
 

in
te
rv
al
 
(m

)

24
73
 

17
96

24
13

27
21

O
 7
 Q
£.

13
37
 

15
05

14
57

13
13

r 
o
£

24
30
 

14
56

15
12

O«
* 

r

19
16

18
79

17
99

18
29

23
93

22
93

12
70

22
79

i T
O<

;

Ag
e 

of
 

p
r
o
d
u
c
i
n
g
 

i
n
t
e
r
v
a
l

 
 
 do
  
 

 
 
 d
o 
 
 

 
 
 do
  
 

 
 
 d
o 
 
 

 
 
 d
o 
 
 

 
 
 d
o 
 
 

 
 
 do
  
 

 
 
 d
o 
 
 

 
 
 do
  
 

 
 
 d
o 
 
 

 
 
 do
  
 

 
 
 d
o 
 
 

 
 
 d
o 
 
 

 
 
 do

  
 

 
 
 d
o 
 
 

Ty
pe
 
of

 
ga
s

 
 
 d
o 
 
 

 
 
 d
o  
 

 
 
 do
  
 

 
 
 d
o 
 
 

 
 
 d
o
  
 

 
 
 d
o 
 
 

 
 
 d
o
  
 

 
 
 d
o
  
 

 
 
 d
o 
 
 

 
 
 d
o 
 
 

 
 
 d
o 
 
 

 
 
 d
o 
 
 

 
 
 do
  
 

 
 i^

N2
 
a
n
d
 

(o
r)

 
ai

r

3.
75

0

3.
06

0 

1.
43

0

1.
89

0

2.
49
0

2.
70
0 

10
.2

00

2.
41
0

9 
c 

Q/
-»

4.
73
0

2.
44

0

2.
52
0

2.
91

0 

2.
25
0

2.
27
0

2.
48
0

1.
99

0

2.
79

0

1.
62

0

2.
90
0

3.
15
0

2.
40

0

2.
61
0

2.
57
0

1.
07

0 

i 
7n
n

C
l

91
.9
2

92
.1
2 

93
.9

6
Q
 n
 
i
Q

9
7
.
1
4

96
.9
7

O
 O
 

T
 
C

95
.7
0 

94
.2
2

f_
 Q
 

Q
/
*

Q
 Q
 
Q
 O

94
.9
4

96
.7

6 

97
.4
3

9
3
.
4
8

97
.7
2

9
6
.
9
9

97
.5
6 

96
.8

9

96
.6
1

97
.2
0

96
.8
6

93
.5
0

QI
 
«<
;

co
2

0
.
9
9
7

.9
95
 

.0
90

0
 Q
A

0
.
0
6
0

.2
20

n 
f 

r\

.1
70

.1
64

.4
92

.2
90

.0
60

 

.0
30

.1
30

.0
20

.0
90

.0
60

.0
90

.0
50
 

.0
40

.0
70

.0
60

.0
80
 

.0
70

.1
52

O
i
l

c2

2.
33

0

2.
33
0 

3.
10
0

3.
81
0

0
.
2
4
0

.0
40

.6
50

1.
07
0

2
n 
ft

n

7.
86
0

4.
59
0

.5
20

.0
70
 

.0
40

2.
52

0

.0
30

.0
70

.0
40

n 
Q 
7

0 

.0
90

.0
30

.0
40

.1
60
 

1.
24

0

.0
03

o 
<; 
in

c3

0
.
6
0
5

.6
10
 

.7
90

1.
07

0

0

.0
10
 

.3
20

.5
60

.8
14

8
1 "

in

1.
55
0

Q
 t

r 
r\

.0
20

 

.0
30

.9
90

.0
50

.0
20

0 

.0
14

0 0

.0
80

.0
80

.1
40

.9
50

0

7
8
Q

1C
A

0
.
2
1
9

.3
69
 

.2
20

.3
00

0 0

.0
40

 

.0
45

3.
12
0 

.4
30

.1
00

.0
20

 

.1
40

.1
70

.0
90

0 0 0 0 0

.0
40

.0
30

.0
50
 

.5
50

0

n
7
n

nC
4

0.
09
9

.2
70
 

.1
50

i f
tn

0 0

.0
90

0
r\

 Q
Q

3.
25
0

.4
10

.1
00

0 0

.2
30

0 0 0 0 0 0

.0
20

.0
20

.0
40

.4
40

0

i n
1;

iC
5

0.
04

7

.0
95
 

.0
70

.0
80

0 0

.0
60

0 

.0
01

1.
50

0

o 
Q
n

.0
40

0 0

.0
70

0 0 0 0 0 0 0

.0
20

.0
30

.3
20

0
m
 =

;

nC
j

0
.
0
3
3

.0
46
 

.0
50

.0
60

0 0 

.0
40

0

.0
07

1.
03

0

.1
90

0 0 0

.0
70

0 0 0 0 0 0 0 0

.0
20

0

_r
m

C
l/

C
l-
5

0
.
9
6
5

.9
60
 

.9
54

0.
99
7

.9
99

Q
 Q
 £

Q
Q
 H

.9
69

.7
37

Q
Q
n

.9
97

 

.9
97

Q
 r
 o

.9
97

Q
Q
Q

Q
Q
Q

.9
99

.9
99

Q
Q
Q

Q
Q
Q

.9
97

0.
99
5

.9
60

.9
99

.Q
ft

A

fi
13

C
1
(°

/o
o)

-3
9.
8

-4
2.
6

-4
0.
9

-6
1.

7

-6
5.
1

-6
1.
5

-
5
7
.
4

-5
4.
0

-5
5.

1

-4
5.
8

e
n
 

£.

-6
4.
5

-6
6.
5

-5
0.

9

£.
£.
 
Q

-
6
7
.
0

-6
7.

1

-6
7.
0

-6
6.

9

£
 c
 
Q

-6
3.

9

-6
0.

6

-5
0.

7

-A
R.
fi



Ta
bl
e 

1
.
 
C
h
e
m
i
c
a
l
 
an

d 
is

ot
op

ic
 
co
mp
os
it
io
n 

of
 
ma
tu
ra
l 

ga
s 

fr
om

 
se

le
ct

ed
 
we
ll
s 

in
 
th

e 
Gu

lf
 
of

 
Me
xi
co
 
O
C
S
 
c
o
n
t
i
n
u
e
d

A
re

a

D
o 
 
 
  
 
 
 
  
 
  
 
  
 

D
o  
 
 
 
 
 
 
 
 
 
 

D
o  
 
 
 
 
 
 
 
 
 

D
o _

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

D
o 
 
  
 
  
 
 
 
 
  
 
 
  
 

D
o 
 
 
 
 
 
 
 
 
 
 
 

D
o 
 
 
  
 
 
  
 
 
 
  
 
  
 

D
o  
 
 
 
 
 
 
 
 
 
 

D
o  
 
 
 
 
 
 
 
 
 
 

D
o 
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

D
o 
 
 
 
 
 
 
 
 
 
 
 

D
o 
 
  
 
 
  
 
 
 
  
 
  
 

D
o  
 
 
 
 
 
 
 
 
 

n/
^  
 
 
  
 -
  
 
 
 
 
 _

__
_

F
ie

ld
/ 

b
lo

c
k 40 71 71

0
 H

O

c
io

.

51
3

54
3

54
3

c 
0

7

c
 
Q

7

63
9

63
9

64
3

22
2

22
2 

22
4

24
5

32
0

32
0 66 hh

O
C

S 
nu

m
be

r

0
2

2
4

02
44

0
2

4
5

P
A

Q
 1

 
1

P
A

Q
 1

 
1

P
9
 9

 9
 A

P
9
A

 1
 

1

P
9
 A

9
 1

P
9
A

9
 1

P
9
A

9
7

G
22

40
 

G
22

41

G
20

37
 

G
09

66

G
11

41

G
11

41

r*
9

 A
Q

7

G
11

96

r.
i 

i O
A

W
el

l 
n

u
m

b
er 5

D
4 7

7D A
6

A
6D D

O

T(
A

D
ep

th
 
to

 
p
ro

d
u
c
in

g
 

in
te

rv
a
l 

(m
!

O
 9

 C
 f

.

O
.O

 Q
 O

33
01

9
 A

7
 Q

.

23
19

2
3

1
2

22
24 91

7

25
73

24
98

13
55

15
11

14
14

13
99

 

13
91

9
 Q

 C
 Q

2
8

9
7

16
36

 

4
5

8

Q
 O

O

27
92

17
72

19
50

 

3
4

9
6

I^
A

P
.

A
ge

 
o
f 

p
ro

d
u
c
in

g
 

) 
in

te
rv

a
l

 
 
 d

o 
 
 

 
 
 d

o
  
 

 
 
 d

o 
 
 

 
 
 d

o
  
 

 
 
 d

o
  
 

 
 
 d

o
  
 
 

 
 
 d

o
  
 

 
 
 d
o
  
 

 
 
 d

o 
 
 

 
 
 d
o
  
 

 
 
 d

o
  
 

 
 
 d

o 
 
 

 
 
 d

o
  
 

 
 
 do

  
 
 

 
 _

,i
~

_

T
yp

e 
o
f 

g
as

 
 
 d
o
  
 

 
 
 d

o
  
 

 
 
 do

  
 

 
 
 d

o
  
 

 
 
 d

o
  
 
 

 
 
 d

o 
 
 

 
 
 d

o
  
 

 
 
 d
o
  
 

 
 
 d
o
  
 

 
 
 d

o
  
 

 
 
 d
o
  
 

 
 
 d

o
  
 

 
 
 d

o
  
 

 
 
 d

o 
 
 

 
 
 d
o
  
 

 
 
 
 A

n
  
 
 

N
2 

an
d 

(o
r)

 
a
ir

1
.0

4
0

1
.0

7
0

1
.1

7
0

3
.7

1
0

O
 C

 A

.8
4
3

Q
 C

 Q

1
.0

0
0

 

5
.6

7
0

1
.4

9
0

.9
7
0

.9
4
4

.9
2
7

O
 1

 
O

.9
7
8

.7
4
4
 

.8
4
7

4
.2

7
0

3
0
.5

7
0

5
.1

3
0

 

.7
0
7

1
.3

1
0

1
5
.8

6
0

2
.2

1
0

7
1

0

cl
n
o
 

7
0

9
1
.7

4

9
1
.5

6

9
4
.4

9

9
7
.6

0

9
7
.7

0

9
6

.1
8

9
8
.5

6

9
4
.1

8

9
6
.3

6

9
7
.0

3

9
7
.0

5

9
7
.0

5
n

o
 

o 
Q

9
7
.4

9

9
6
.6

0

9
6
.4

6

9
2
.4

1

6
7
.6

4

9
2
.7

5

9
9
.1

7

9
8
.4

6

7
9
.0

0
n

o
 

Q
O

9
5
.4

2

07
 

A
T

9
5
.6

0

Q
7 

m

C
02

0
.9

0
0

1
.0

5
0

1
.0

3
0

.2
9
0

.2
0
9

.1
9
9

.1
1
9

.1
0
0

.1
4
0

.1
5
3

.1
0
2

.1
3
1

.0
4
2

.0
9
7

.1
0
0
 

.1
5
1

9
A

 9

.1
5
0

.1
1
5

.1
1
7

0
.3

6
2

.2
2
1

9
 A

 A

0
.4

8
5

A
0

«

c2

3
.3

3
0

3
.7

6
0

3
.8

0
0

Q
ft

A

.8
4
2

Q
 A

 Q

1
.0

8
0

.0
4
0

1
.1

9
0

1
.2

1
0

1
.3

3
0

1
.3

7
0

.3
4
8

1
.1

7
0

1
.9

2
0

1
0

 o
n

1
.3

5
0

1
.0

0
0

1
.3

3
0

.0
1
1

1 
A

ft

3
.1

1
0

3
.1

0
0

2
.0

3
0

1
.8

6
0

1
.1

7
0

1 
?A

O

c3

0
.6

6
8

1
.3

4
0

1
.3

2
0

.2
9
0

1 
ft

A

1 
ft

 1

0
9

0
.

.0
1
0

.0
1
0

.4
0
8

.4
3
6

.4
8
6

.4
9
9

9
 C

 o

.5
6
5

.5
7
7

0
.4

1
8

.3
1
0

.4
2
0

0 0 0
.9

8
6

1
.2

9
0

.7
3
7

.7
4
0

0
.3

1
4

TA
P.

"
4

0
.1

2
5

.4
4
0

.4
5
7

.1
1
1

.0
7
5

.0
6
3

.2
9
7

0

.1
1
6

.1
4
1

.0
1
4

.0
0
5

0

.0
0
6

.0
3
3

0
.4

5
8

.0
9
2

.1
0
6

0 0 0
.2

2
6

.3
5
1

.2
3
1

.2
5
3

0
.0

7
1

.0
7
6

nC
A

0
.0

7
1

.2
0
9

.5
9
0

.0
4
4

.0
5
1

1 
Q

C

0 0

A
O

 A

.1
1
6

.0
1
9

0

.0
0
7

A
 9

ft

.0
3
7

0
.2

4
7

.0
7
2

.0
7
4

0 0 0
.1

7
4

.2
7
0

.1
9
9

.2
0
2

0
.0

6
3

.0
7
A

iC
5

0
.0

5
6

.0
5
1

.0
5
9

.0
5
4

0 0

.1
1
0

.1
4
0

0 0 0 0 0 0 0
.0

8
7

.0
4
1

.0
3
6

0 0 0
.1

8
5

.2
5
9

.1
5
1

.1
7
2

0
.0

5
4

.0
6

1

nC
5

0
.0

2
5

.1
3
0

.1
5
6

.0
2
5

.1
1
1

.0
6
0

.1
0
6

0 0

.0
8
4

.1
0
4

0 0 0 0 0 0
.1

4
5

.0
2
3

.0
0
9

0 0 0
.0

9
3

.1
5
6

.1
0
0

.1
0
4

0
.0

2
9

.0
4

?

C
l/

C
l-

5

0
.9

5
6

.9
3
7

.9
3
7

.9
7
6

Q
 f

t 7

Q
ft

7

.9
7
2

.9
9
7

.9
9
9

of
tn

Q
7
 f

t

n
o

 i

O
 f

t 
1

.9
9
6

Q
 Q

 C
L

.9
7
4

.9
7
4

0
.9

7
2

Q
 7

ft

.9
7
9

.9
9
9

.9
9
9

0 
9

4
3

.9
4
5

.9
6
5

.9
6
3

O
n

 o
 o

.9
81

5
13

C
1(

°/
o
o
)

-4
4
.6

-4
4

.6

-4
9

.5

-5
1
.3

-5
0
.9

-5
6
.9

-5
7
.2

-6
4

.3

-5
7

.0

-5
6
.7

C
Q

 
7

C
O

 
1

f
 
o

 
9

-5
7
.9

-5
5

.3

-5
5
.4

-4
2
.3

-4
1

.9

-4
4
.2

-6
9
.4

-6
5
.9

-5
0
.4

-5
0
.4

-4
5
.6

-4
5
.3

-3
9

.7

-3
9
.2



Ta
bl

e 
1
.
 
C
h
e
m
i
c
a
l
 
a
n
d
 
is

ot
op

ic
 
c
o
m
p
o
s
i
t
i
o
n
 
of

 
n
a
t
u
r
a
l
 
ga
s 

fr
om
 
s
e
l
e
c
t
e
d
 
w
e
l
l
s
 
in

 
th

e 
Gu

lf
 
of

 
M
e
x
i
c
o
 
D
C
S
 
c
o
n
t
i
n
u
e
d

A
re

a

D
o  
 
  
  
 
  
 
 
 

D
o  
 
  
  
  
 
  
 

D
o  
 
 
 
 
 
 
 
 
 

D
o  
 
 
 
 
 
 
 
 
 

D
o 
 
 
 
 
 
 
 
 
 
 

D
o 
 
 
 
 
 
 
 
 
 
 

D
o  
 
 
 
 
 
 
 
 
 

D
o  
 
 
 
 
 
 
 
 
 

D
o 
 
 
 
 
 
 
 
 
 
 

D
o 
 
 
 
 
 
 
 
 
 
 

no
  
 
 
 
 
 
 
 
 
 

F
ie

ld
/ 

b
lo

c
k

1 
Q

 Q

 
 
 
 
 

29
6 

 
 
 
 

30
6

 
 
 
 

30
6

 
 
 
 

15
9

 
 
 
 

15
9

on
fl

 
 
 
 

27
1

 
 
 
 

17
2

 
 
 
 

17
2 

 
 
 
 

41

 
 
 
 

47

 
 
 
 

76

 
 
 
 

76 / 
 0

9Q
n

D
CS

 
nu

m
be

r

07
92

07
92

04
37

04
37

G
14

41
n
 1

 Q
 £

*Q

08
17

08
17

nf
lo

 7

G
10

43

G
12

51

01
29

 

01
33

G
11

07
 

G
12

94

G
12

94
 

1-1
 f

,f,
f.

W
el

l 
n

u
m

b
er

D
l 

D
7 1 7

4D

2 3

G
4D

7 13 A
 O D
4

BI
 n

D
ep

th
 

to
 

p
ro

d
u

c
in

g
 

in
te

rv
a
l 

(m
)

Q 
ft

n

3
9

4
8

O
 Q

 Q
 O

2
3

0
5

12
79

31
30

1 
O

 Q
 Q

43
83

48
95

1 
7

 O
 /

!

2
5

1
2

 

23
30

25
57

 

24
38

20
45

2
0

2
4

12
07

15
47

17
12

32
99

23
31

 

i A
n"

;

A
ge

 
o
f 

p
ro

d
u
c
in

g
 

in
te

rv
a
l

.

 
 
 d

o 
 
 

 
 
 d

o 
 
 

 
 
 do

  
 

 
 
 do

  
 

 
 
 d

o 
 
 

 
 
 d

o 
 
 

 
 
 d

o 
 
 

 
 
 d
o
  
 

 
 
 do

  
 

T
yp

e 
o
f 

g
as

 
 
 d

o
  
 

 
 
 d

o 
 
 

 
 
 d
o
  
 

 
 
 d

o 
 
 

 
 
 do

  
 

 
 
 d

o 
 
 

 
 
 d

o
  
 

 
 
 d

o
  
 

 
 
 d

o
  
 

 
 
 d

o 
 
 

 
 
 d

o
  
 

N
2 

an
d
 

(o
r)

 
a
ir

2
.0

6
0

.9
1
1

1
.4

7
0

1
.4

8
0

Q
 7

 A

Q
A

Q

Q
 Q

 1

.8
4
7

0
.9

2
4

1
.7

6
0

1
.2

6
0

.9
6
2

1
.0

6
0

.8
4
9
 

1
.4

2
0

1
.0

0
0

1
.3

4
0

.9
9
0

0
.9

8
6

1
.1

6
0

1
.2

3
0

0
.9

7
7

2
.2

7
0

4
1

.9
7

0
 

n 
Q

A
I

C
l

Q
£

 
Q

 Q

9
8
.3

0
Q

O
 

Q
 0

9
3
.4

7

9
3

.0
0

Q
 Q

 
0
 

C

Q
O

 
Q

 
1

Q
 f

t 
^
Q

Q
*>

 
9
 f

t

9
0
.3

6

9
5
.0

1

9
5
.3

0

9
3
.7

6
 

9
4
.7

7

9
7
.3

7

9
7
.5

4

8
9
.5

6
 

9
2
.4

9

9
6
.4

5

9
4
.2

5

9
5
.1

5
 

9
4
.5

3

8
4
.4

9

4
7
.8

0

Q
A

 
B

fi

co
2

0
.1

4
2

.1
1
2

Q
 q

 c

.1
6
5

.0
9
7

.3
1
7

0
.8

0
1

1
.5

0
0

1
7

0

.1
7
7

.2
0
4
 

.4
6
8

.4
0
4

.4
4
7

.1
6
7

.1
7
4

0
.1

6
7

.1
4
2

0
.1

9
6

.0
7
5

.1
7
3

0
.3

1
0

0
.3

5
4

n 
i T

;

c2

0
0
 

Q
 7

.6
6
6

2
*> 

fin

2
.3

3
0

3
.5

6
0

3
.3

9
0

.2
9
6

3
.5

0
0

4
.1

8
0

2
.2

5
0

2
.4

8
0

2
.6

9
0

 

2
.4

1
0

.7
7
0

.7
0
7
 

3
.1

4
0

2
.9

7
0

1
.7

0
0

1
.7

2
0
 

2
.6

4
0

3
.0

1
0
 

3
.0

1
0

6
.5

8
0

4
.6

0
0

) 
<;

/,n

c3

Q
 1

 Q

Q
/:

 7

1
.2

6
0

.0
0
5

.9
6
0

.0
7
5

1
.2

9
0

1
.6

5
0
 

.5
5
2

.6
4
9
 

1
.1

3
0

.6
7
0

.2
5
3

2
.2

1
0

1
.6

8
0

0
.5

2
1

1
.0

1
0

0
.9

6
0
 

3
.9

1
0

3
.0

5
0
 

n 
9A

)

iC
4

0 0

.2
2
3

.0
3
5

.2
2
0

0
.3

4
9

.4
1
4

.0
3
5

.0
3
1

.3
2
3

17
0

.0
3
7

.6
7
0

0
7
0

0
.1

2
3

.0
9
0

O
r\

 Q
 f

.0
6
1
 

.0
5
5

0
.1

9
7

0
.6

6
2

C
 

O
 

C

n 
nf

co

nC
4

0 0

.2
0
1

.3
3
3

.0
6
1
 

.2
1
4

0
.3

1
2

.3
66

.0
9
5

.0
84

O
 o

 Q

.0
9
9
 

.0
6
4

.9
8
4

.5
0
4

0
.1

0
7

.0
9
3
 

0
.2

3
9

0 

.0
8
4

0
.1

5
4

0
.8

8
4

n 
n$

n

iC
5

0 0

.2
4
2

0
1 

Q
 *

>

0 0
.2

7
6

.4
0
0

0 0

.3
3
1

.1
7
4

.0
0
9

.0
0
6

Q
 Q

 C

.4
1
5

0
.0

9
0

.0
3
9

0
.2

4
4

0 0 0
.1

0
3

0
.5

1
5

.4
8
4

n 
no

1}

nC
5

0 0

.1
4
0

.1
9
2

.1
1
7

0 0
.2

0
4

0
 0

0

.0
8
4

.2
5
4

.0
9
9

.0
7
5

.0
2
7

n
 /

: 
o

.3
9
5

0
.0

6
1

.0
3
5

0
.1

5
3

0 0 0
.0

4
9

0
.3

3
1

n 
D

A
D

C
l/

C
l-

5

0
.9

9
1

.9
9
3

.9
6
0

.9
5
7

.9
4
0

.9
9
3

.9
4
9

.9
9
6

.9
2
6

.9
6
9

.9
6
7

.9
4
9

Q
/l

 O

Q
 Q

 7

Q
Q

Q

.9
1
1

.9
3
6

0
.9

7
4

.9
7
6

0
.9

5
4

.9
9
6

.9
6
0

.9
5
9

0
.9

5
1

O
n

 /
: 

Q

O
 O

 Q

n 
Q

«n

fl
13

C
1
(°

/o
o
)

-5
3
.9

-5
6
.9

-4
5
.1

-4
4
.9

-4
3
.0

-5
1
.7

-4
1

.8

-4
8
.5

-5
0

.6

-4
6

.0

-4
9
.0

-3
7
.5

-5
9
.9

C
 £

 
Q

C
O

 
A

-5
7
.5

-4
9
.8

-4
8
.4

-5
3
.0

-4
2
.9

-5
7
.0

C
f
 

Q

-5
3

.6
C

 
1 

T

-s
-^

.s


